Abstract Combined hyperlipidemia may result from the interaction of several metabolic and environmental factors.
C ombined hyperlipidemia is considered to have a complex etiologic basis. 1 This lipid disorder is characterized by increased serum concentrations of cholesterol, triglyceride, and apolipoprotein (apo) B and by a reduced concentration of high-density lipoprotein cholesterol (HDL-C). Several genetic and environmental factors may contribute to hypertriglyceridemia and a reduced level of HDL-C, and these factors may underlie the mechanisms that cause combined hyperlipidemia. First, hyperinsulinemia 2 -3 and insulin resistance 46 are associated with high serum triglyceride and low HDL-C levels. Accordingly, obese patients with combined hyperlipidemia are more insulin resistant than control subjects matched for gender, age, and body mass index. 7 Second, the common apoE isoforms, E2, E3, and E4, possess different binding activities for the low-density lipoprotein (LDL) receptor, 8 and hyperlipidemic carriers of the apoE2 allele may have higher levels of circulating triglyceride-rich particles. 911 Third, environmental factors contribute to combined hyperlipidemia. Smoking of cigarettes appears to increase the apoE2 alleles (25% versus 6%) and smokers (41% versus 16%). In a matched multiple linear regression model, the differences in insulin concentration, apoE2 allele frequency, and smoking explained 12%, 8%, and 9%, respectively, of the mean paired difference in triglyceride concentration. The differences in insulin concentration or apoE2 allele frequency did not significantly explain the mean paired difference in HDL-C concentration, whereas smoking explained 17% of the difference. In conclusion, fasting insulin concentration, the presence of the apoE2 allele, and smoking may explain 30% of the hypertriglyceridemia and the low levels of HDL-C in nonobese patients with combined hyperlipidemia. The virtual absence of a dose-response relation suggests that a major part of the hypertriglyceridemia in combined hyperlipidemia is not directly related to insulin concentration. (ArterioscUr Thrvmb.
1994;14:1576-1580.)
Key Words • apoE • combined hyperlipidemia • HDL-C • hyperinsulinemia • smoking serum levels of LDL and triglyceride and to decrease the serum levels of HDL. 12 The use of /3-blockers or diuretics is associated with an increase in insulin resistance and serum triglyceride concentration and a reduction of HDL-C levels. 13 No previous studies have estimated the quantitative effect of insulin resistance, apoE2 frequency, and smoking on the expression of combined hyperlipidemia. Therefore, we investigated to what extent these factors could explain the differences in serum triglyceride and HDL-C concentration between combined hyperlipidemic and pure hypercholesterolemic patients.
Methods

Patients
Forty-nine consecutive, unrelated Caucasian patients with combined hyperlipidemia were recruited from the outpatient lipid clinic of the Leiden University Hospital. Each of them was paired with an unrelated Caucasian proband with pure hypercholesterolemia matched for gender, and within 10% intervals for age and body mass index (Table 1) . Lipoprotein disorders were diagnosed based on the mean of two fasting blood samples obtained with an interval of 3 weeks, preceded by a 9-week dietary period. 1 *' 15 The diagnostic criteria for hypercholesterolemia were total serum cholesterol a 7.5 mmol/L and serum triglyceride concentration <2 mmol/L; the criteria for combined hyperlipidemia were total serum cholesterol a 7.5 mmol/L, serum triglyceride concentration a 2 mmol/L, serum very-low-density lipoprotein cholesterol >1 mmol/L, and no presence of xanthomas. Additional exclusion criteria were familial type III hyperlipoproteinemia, type IV hyperlipoproteinemia, secondary hyperlipidemia (renal, liver or thyroid disease, fasting blood glucose 27.0 mmol/L, and alcohol consumption of more than 40 g/d), or the use of drugs, other than 0-blockers or diuretics that are known to interfere with lipid metabolism, in the year prior to admission.
Smoking was defined as the consumption of at least 10 cigarettes per day. Nonsmokers also included former smokers who had stopped smoking for at least the year immediately preceding the study. Patients with coronary artery disease were denned as patients with angina pectoris (as assessed with electrocardiographic exercise testing), 70% stenosis on coronary arteriography, myocardial infarction (electrocardiographic or creatine phosphokinase MB isoform monitoring during the acute phase or a deep and wide Q-wave as an electrocardiographic manifestation of an old infarction), coronary bypass, or percutaneous transluminal coronary angioplasty.
A control group of 2018 randomly selected 35-year-old men from three different areas in the Netherlands was used to compare the apoE allele frequencies. This group has been described in detail elsewhere. 16 
Insulin, Glucose, and Lipid Values
All blood samples were obtained after at least 9 weeks of eucaloric dietary intervention, which was based on the Step One Diet recommended by the Expert Panel of the National Cholesterol Education Program, 14 ' 13 and after an overnight fast. Cholesterol and trigryceride concentrations were measured by using automated enzymatic standard methods (Boehringer). Sequential ultracentrifugation was performed in hypertrigfyceridemic patients by using standard methods. 17 In cases of trigryceride concentration <2.0 mmol/L, the LDL cholesterol (LDL-C) concentration was calculated by using the formula according to Friedewald.
-
19 Serum HDL-C concentration was measured after precipitation of very-low-density lipoprotein and LDL with phosphotungstic acid and MgCl 2 .
Serum glucose concentration was determined by the boundhexokinase method (SMAC, Technicon). The insulin concentration was determined by a radioimmunoassay (Ins-Ria-100, Medgenix). Serum samples were analyzed in random order. The fasting insulin concentration was used as an estimate for insulin resistance, as fasting insulin correlates consistently with insulin resistance in normogrycemic subjects. 20 ApoE phenotype was determined by isoelectric focusing of delipidated serum samples followed by immunoblotting with a polyclonal anti-apoE antiserum as described. 21 
Statistical Analyses
Statistical analyses were performed by using SPSSWIN 5.01 (SPSS Inc). Continuous variables were presented as means, and nominal variables were expressed as percentages. Comparisons between groups were obtained by using the means of paired differences and their 95% confidence intervals. 22 The contributions of various determinants to the observed difference in lipoproteins were analyzed by using a matched multiple linear regression model. In this model the difference in the lipoprotein concentration within each pair of patients is expressed depending on the observed paired differences in the determinants. The determinants were not mutually related and were included concomitantly.
Results
General Characteristics
The general characteristics of the combined hyperlipidemic and matched hypercholesterolemic control subjects are shown in Table 1 . The use of cigarettes and /3-blockers or diuretics was significantly higher in the combined hyperlipidemic group. Ten patients with hypercholesterolemia had xanthomas.
Serum Lipids, Lipoproteins, and Insulin Resistance
The mean serum triglyceride concentration was 2.43 mmol/L (68%) higher in the combined hyperlipidemic group (Table 2 ). In the combined hyperlipidemic patients, the mean serum concentration of LDL-C was lower by 1.59 mmol/L (20%), and the HDL-C concentration was lower by 0.30 mmol/L (24%). The mean fasting insulin concentration was significantly higher (33 pmol/L, 50%) in the patients with combined hyperlipidemia. The mean serum total cholesterol concentrations, blood glucose levels, and HDL/LDL cholesterol ratio did not differ between the two matched groups.
ApoE Phenotyping
Patients with an apoE2 allele were significantly more frequent in the combined hyperlipidemic group (Table  2) . No significant differences were found in apoE allele frequencies between the whole group of 98 patients and the sample of 2018 male Dutch control subjects (* 2 =1.818, df=2, P=A). hypercholesterolemic group, the combined hyperlipidemic group, and both latter groups together (n=98) were in Hardy-Weinberg equilibrium (^2<2.9, df=5, P>.7).
Matched Multiple Linear Regression Analysis
The differences in insulin concentration, apoE2 allele frequency, and smoking behavior were entered in a matched multiple regression model to analyze their contributions to the paired differences in triglyceride and HDL-C levels ( Table 3 ). The differences in the use of /3-blockers or diuretics were also included in the model. The fasting insulin concentration explained 12% of the mean of the paired differences in triglyceride concentration between the combined hyperlipidemic group and the hypercholesterolemic group. The presence of an apoE2 allele explained 8% and cigarette smoking 9% of this difference in triglyceride concentrations. The use of £-blockers or diuretics did not contribute to the observed differences. Consequently, the major part of the difference in triglycerides (1.68 mmol/L, 69%) remained unexplained. The results of the regression analysis were identical when insulin/ glucose ratio instead of fasting insulin concentration was entered in the model. The paired differences in HDL-C level were studied in a similar way. Smoking of cigarettes explained 17% of the difference in HDL-C. The differences in insulin concentration and presence of an apoE2 allele may each explain 7% of the differences in HDL-C, although this did not reach statistical significance. Inclusion of the paired differences in triglycerides into the regression analysis of HDL-C did not change the results (data not shown).
The modest contribution of the differences in insulin concentration to the paired differences in triglyceride levels is illustrated in the Figure. By definition, the combined hyperlipidemic patients had higher triglyceride concentrations and the majority had higher insulin concentrations than the hypercholesterolemic control subjects. Nevertheless, the paired differences in insulin and triglyceride concentration were poorly correlated (adjusted r=.29, df=44, P=.O5). The use of logarithmic transformation of triglyceride and insulin values did not change the results of the analyses. The differences in cigarette smoking and possession of apoE2 alleles within the pairs showed a dispersion through the whole range of paired differences in insulin concentration and triglyceride levels (not shown).
Discussion
This study shows that combined hyperlipidemic patients have higher fasting insulin concentrations compared with hypercholesterolemic patients with equal glucose levels, confirming earlier reports on the association between hyperlipidemia and hyperinsulinemia 2 -3 or insulin resistance. 4 -7 - 23 However, the degree of hyperinsulinemia and triglyceride concentration hardly correlated, making a direct causal relation of insulin resistance and hypertrigryceridemia in combined hyperlipidemic patients less likely. Scatterpkrt of the difference in triglyceride concentration versus trie difference In fasting insulin concentration within the 49 matched pairs. Each dot denotes the value of the combined hyperiipidemic case subject minus the value of the hypercholes* terolemlc control subject.
The case and control subjects had identical body mass indexes and were not obese. Data on the waist/hip ratios were not available. This may have influenced our findings if one of the groups is associated with a particular type of body fat distribution. Therefore, we cannot exclude a major contribution of insulin resistance in combined hyperiipidemic patients with obesity. 7 The data may also be influenced by the method of measuring insulin resistance. We did not measure insulin resistance directly but instead used the fasting insulin levels as a proxy. The fasting insulin levels, however, were markedly different between the groups. Hence, we could have expected a closer relation with the paired differences in triglyceride levels.
Laws et al 24 report that insulin concentration is a significant predictor for triglyceride and HDL-C concentrations. This was primarily shown in normolipidemic subjects independent of body mass index and waist/hip ratio. However, the relations were rather poor (r=.4O and r= -.28, respectively). No attempt was made to further quantify the contribution of insulin concentration to the lipoprotein levels. We also observed a weak correlation (adjusted r=.29) between the differences in triglyceride and insulin concentration within the pairs. Adjusted for the apoE2 allele frequency, smoking, and the use of antihypertensive drugs, the fasting insulin concentration explained only 12% of the mean paired difference in triglyceride concentration. Taken together, the data do indicate that insulin resistance and combined hyperiipidemia are associated disorders, but in nonobese individuals the two are only slightly causally related.
In the combined hyperiipidemic group, the carriers of an apoE2 allele were overrepresented, which suggests that possession of the E2 allele contributes to the development of the combined hyperiipidemic phenotype. The possession of the E2 allele explained 8% of the differences in triglyceride concentration, which is in agreement with previous findings that hypercholesterolemic carriers of an E2 allele have higher serum triglyceride concentrations.
911
In a similar way, the high frequency of cigarette smokers in the combined group suggests an environmental contribution to the combined hyperiipidemic phenotype. Smoking explained 9% of the increased triglyceride concentration and 17% of the decreased HDL-C level. This decrease in HDL-C among smokers, which has been described before, 1 " 5 underscores the importance of smoking as a contributing factor to the combined hyperiipidemic phenotype.
The use of 0-blockers or diuretics did not contribute to the differences in triglyceride and HDL-C concentrations. Therefore, the hypertriglyceridemia and the low HDL-C levels could not explain the preferential selection in the combined group of users of antihypertensive drugs. Hypertension is associated with combined hyperiipidemia, and this may explain the pooling of users of antihypertensive agents within this group.
The matched design of our study made it possible to adjust for important confounders and to work with a minimum number of covariables in the regression model. The influences of various determinants on hypertriglyceridemia were investigated relatively independent of the presence of hypercholesterolemia in combined hyperiipidemic patients by the selection of hypercholesterolemic control subjects. In a similar way, the paired differences of HDL-C were modeled. By observing the known influence of smoking on HDL-C, this model underscored the validity of the method to predict lipoprotein levels.
12
- 25 Furthermore, the data confirm earlier reports about contributions of insulin resistance and apoE2 to low HDL-C levels.
11
- 26 However, our data do not allow us to exclude the chance occurrence of these latter associations.
In accordance with a heterogenic or a porygenic mode of inheritance, different genetic markers have been associated with familial combined hyperiipidemia. 27 -30 The present study suggests that the expression of the combined hyperiipidemic phenotype is influenced, although modestly, by at least three independent factors: insulin resistance, apoE2 allele, and cigarette smoking. Family studies are needed to determine the role of genetic and environmental factors in the genetic transmission and development of the complex combined hyperiipidemic phenotype.
